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NOTici;; 


The invention disclosed in this docuiVient resulted troia 
rasea'iCh in aeronautical and space activities pert'orhied ur;di;r 
programs of the Kational . Aeronautics and Space Administration., 
The invention is ovmed by NASA and is, therefore, available 
for licensing in accordance with the NASA Patent Licensing 
Regulation (14 Code of Federal Regulations 1245.2), 

To encourage co,it;»Grciai utilisation ot ?>!ASA-owried inven- 
tions, it is NASA policy to grant licenses to coamiorcial 
concerns. Although NASA encourages ncnexclusiva licensing 
to promote competition and achieve the v;idest possible utili- 
sation, NASA will consider the granting of a liir.itcc'. exclusive 
license, pursuant to the NA.3A Patent Licensing Regulations, 
v'hen such a license v;ili provide the necessary ineericive to 
the licensee to achieve early practical application of the 
invention. 

Address inquiries and all app-1 ica t ions for license for 
this invention to NASA Patent Counsel, Aiuos Research Center, 
Kail Code 2D0-11A, Koffett Field, Caiifoi'nia; 94111, .ssnreved 
NASA forms for application for noneKclusive or e;r;ii iV’.j 
license are Sivaiiaijie f rom me aoove t*ddrcss • 
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PNEUMATIC LOAD COMPENSATING OR CONTROLLING SYSTEM 

Invention Abstract 


The invention pertains to a pneumatic system for applying a con- 
stant predetermined force to a load. 

In accordance with the invention an air source 12 is fed through 
valves 16 and 38 to pressure regulator 42 which is adjusted to 
any desired pressure below that of the air source. The output 
of regulator 42 is amplified by an air-driven amplifier 40 which 
may, for example, have a gain of five. The amplifier requires 
no external power source whatsoever. The amplified air pressure 
is passed through regulator 30, the pressure setting of which is 
remotely controlled by knob 34 of the control panel. The output 
of regulator 30 is fluidically coupled to one-way pnevimatic 
actuator 24 which applies a force to mechanically-coupled load 
28. As regulator 30 is adjusted, the force applied to load 28 
is varied. The air pressure at actuator 24 is monitored on gage 
69. Pressure switches 64 and 66 control aural alarms. An alarm 
is sounded either when the actuator pressure reaches a preset 
minimum or maximxam. An accumulator 44 serves as a means of re- 
ducing or compensating for any shocks which may be impressed 
upon actuator 24 as a result of load variations. In addition, 
the accumulator also serves as an auxiliary source of high 
pressure fluid to be conducted to the actuator in the instance 
that a system failure should occur. In one model of the inven- 
tion wherein a 100 psi air source (12) and five-inch diameter 
actuator cylinder were employed, a 9900-pound force was developed 
at load 28. 

While the prior art includes fluid control systems which may be 
utilized in conjunction with one-way actuators so as to, for 
example, apply a high concentrated output loaid through means of 
the actuator, such systems have heretofore invariably been 
hydraulic pressure control systems which normally require the 
employment of sophisticated electrically operated and controlled 
servo valves for proper control of the hydraulic fluid within the 
system circuitry. The subject invention uses as an input a low- 
pressure air source of the variety which is readily available in 
many repair shops, garages, etc. 
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'I’lTLE OF THE INVENTION: 


PNEUMATIC LOAD COMPENSATING OR C0N’.;R<1LMNC- SYS^:EM 


ABSTRACT OF THE DISCLOSURI: 

A pneumatic load compensating or controlling system for restraining a load 
with a predetermined force or applying a predetermined force to the load includes 
a source of pressurized air , a one-way pneumatic actuator operatively connected 
to a load , and a fluid conduit fluidically connecting the actuator with the source 
of pressurized air. The actuator may be of the piston and cylinder type, and 
the end of the fluid conduit associated therewith may be connected to the upper 
or lower portion of the cylinder whereby the actuator may alternatively and 
selectively restrain the load with a predetermined force or apply a predetermined 
force to the load . Pressure regulators are included within the system for 
variably selectively adjusting the pressurized fluid to predetermined values 
as desired or required , and a pressure amplifier may also be included within 
the system for multiplying the pressurized values so as to achieve greater load 
forces. An accumulator is incorporated within the system as a failsafe operating 
mechanism , and visual and aural alarm devices , operatively associated with 
pressure detecting apparatus , readily indicate the proper or improper function- 
ing of the system . 
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RIGHTS OF THE GOVERNMENT 

The invention described herein was made by an employee of the United 
Stater Government and may be manufactured and used, by or for the Go'-ernment 
fo3 goveminer :al purposes without the payment of any royalties thereon or therefor 

BACKGROUND OF THE INVENTION 
EiliM of th'-' Invention: 

The present invention relates generally to pneumatic control systems 
and more particularly to an improved pneumatic control system which ir parti- 
cularly adaptable for holding or restraining, or alternatively, applying, a 
high concentrated load with respect to a one-way actuator or actuating mechanism . 
Description of the Prior Art: 

Prior art pneumatic control de\dces are of course known , such as for 
example, that disclosed within U.S. Patent 3,468,383, however such exemplary 
systems are not capable of one-way actuation and the application, or drawing, of 
a predetermined load, and the maintenance of the same. 

In addition, while the prior art also includes fluid control systems which may 
be utilized in conjunction with one-way actuators or actuating mechanisms so as 
to, for example , apply a high concentrated output load through means of the 
actuator , such fluid systems have heretofore invariably been hydraulic pressure 
control systems which normally require the employment of sophisticated electricallj 
operated and controlled servo valves for proper control and output of the 
hydraulic fluid within the system circuitry . 

Consequently , such systems characteristically exhibit several serious 
drawbacks and disadvantages which militate against their commercial and 
industrial use and application , particularly , the fact that as such systems 
require their own hydraulic pressure sources , permanent installations are 
usually required . In addition , in light of such permanency , as well as the 
sophisticated components employed, the syfems are quite expensive to fabricate, 
and still further , as a result of the level of sophistication normally attendant 




such installations , there is a greater probability of a system failure or break- 


down, whereby extensive damage could be impressed upon the entire system 
as a result of t uch failure of Ae control sys eir to properly control the load 
and conlaminadoii oi th 3 instflladou area could be experienced due to 
5 hydraul'c loak ago. 

SUMMARY OF T Hi: I NViilN^dON 

Accordingly , it is an object of the present invention to provide an 
improved load control system. 

Another object of the present invention is to pro\dde an improved load 
10 control system which overcomes the aforenoted drawbacks of conventional con- 

trol systems . 

Still another object of the present invention is to provide an improved 
load control system which is pneumatically controlled. 

Yet another object of the present invention is to provide an improved 
15 load control system which is essentially portable , readily connectable to any 

source of compressed air, and consequently does not require its own pressure 
source . 

Yet still another object of the present invention is to provide an improved 
load control system which exhibits a considerable degree of simplicity and is 
20 quite easy to manufacture and install . 

A further object of the present invention is to provide an improved load 

control system which does not require the use of sophisticated control devices , 

\ 

yet is capable of performing equally as well as prior art hydraulic control 
systems which normally utilize such control devices . 

25 A still further object of the present invention is to provide an improved 

load control system which is substantially less expensive to fabricate than prior 
art control systems . . 

The foregoing and other objectives are achieved according to the present 
invention through the provision of a load control system which includes a source 
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of pressurized air, a one-way pneumatic actuator operatively connected to a 
load, and a fluid conduit fluidically connecting the actuator witn the source 
of pressurized air. The actuates nay be of the piston and oylincar type , and the 
end of the fluid conduit associated theret/ith may be connected tc the upper or 
lower portion of the cylinder wJier iby the actuator may altcrnati*/ely resti'ain 
the load with a particular force or apply a particular force to the load. 

Pressure regulators are also included within the system for supplying 
pressurized fluid having a predetermined value, as desired or required, and a 
pressure amplifier may also be included within the circuit for multiplying the 
pressure as desired or required in excess of the predetermined value . An 
accumulator is incorporated within the system as a failsafe operating mechanism 
and visual and aural alarm means, associated with pressure detecting apparatus, 
readily indicate the proper or improper functioning of the system . 

BRIEF DESCRIPTION OF THE DRAWING 
Various other objects , features , and attendant advantages of the present 
invention will be more fully appreciated as the same becomes better understood 
from the following detailed description when considered in connection with the 
accompanying drawing, wherein: 

The SOLE FIGURE is a schematic diagram of a load control system con- 
structed in accordance with the present invention and showing its cooperative 
parts. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT 
. Referring now to the drawing, there is shown a load control system, 
generally indicated by the reference character 10 , which comprises a source 
12 of compressed air, the pressure valve of which may be within the range of 
90-125 psi, fluidically connected to a fluid conduit 14. An air flow control 
valve 16 is disposed within conduit 14 and downstream of source 12 and in 
this manner , valve 16 controls the supply of pressurized air into the system 10 . 
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A check valve 18 is also disposed within conduit 14, and downstream of valve 
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16, so as to prevent backflow of fluid withir conduit 14, and a pressure gaup:e 
20 may likewise be disposed withir conduit 14 and interposed berween valvet^ 

16 and 18 so as to visually indicate the pressui e value of the pressurized air 
being: admitted into the system. 

Another fluid conduit 22 is fluidically connected at one end thereof with 
fluid conduit 14 , while the other end of conduit 22 is likewise fluidically 
connected to the upper portion of a one-way pneumatic actuator 24 of the piston 
and cylinder type, the piston 26 of actuator 24 being operatively connected 
with a load 28, the relative position of which is to be controlled by the system 
10, and more particularly, by means of actuator 24. While conduit 22 has been 
shown to be fluidically connected with the upper portion of actuator 24 , where- 
by a particular load 28 may be retained or restrained within a particular 
position, conduit 22 may likewise be fluidically connected to the bottom portion 
of actuator 24 whereby a particularly valued force may be applied to the load. 

A Norgren pressure regulator 30 is disposed within fluid conduit 22 
at a position upstream of actuator 24 so as to regulate the value of the 
pressurized air being conducted to actuator 24, and in turn, the output force 
thereof which is applied to load 28, regulator 30 being of the type which may 
be variably adjusted by means of an electrically controlled, motor-driven 
valve 32 ,which is interposed between and operatively associated with regulator 

30, and a remotely controlled, reversible polarity, rotary switch 34, the 

\ 

latter of which energizes and actuates valve 32 when it is desired to attain 
a particular pressurized output from regulator 30. 

An additional fluid conduit 36 , having a closed loop configuration , is 
fluidically connected to and interposed between conduits 14 and 22 , and an 
air flow control valve 38, similar to valve 16, is likewise disposed within 
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conduit 36 so as to control the admission of the pressurized air into conduit 36 
j from air source 12 . An lir driven , air boost ar , amplifler , cr intensifier 40 , 

I which may , for example , bo procur} ed frcm ihe Heskf.l Engineering b Supply 

I Co. , is disposed vnthin conduit io £c a po.iition dov'nstream of valve 38 and 

( 

upstream of the junction between condvits 36 and 22 , :md a pressure regulator 
42 , similar to regtdator 30 , is also disposed within conduit 36 so as to be inter- 
posed between valve 38 and amplifier 40. 

The regulator 42 is adjusted so that the output pressure thereof does not 
exceed the pressure value of source 12 , and the regulator output pressure may 
then be conducted into amplifier 40 so as to be amplified in value in accordance 
with the rated amplification proportion or ratio of the particular amplifier 
employed. Amplifiers normally have amplification ratios of 2: 1, 5: 1, 15: 1, and 
30: 1 , and it is sufficient for the purposes of the present invention that amplifier 
40 have a ratio of, for example, 5: 1. It is thus apparent that depending upon 
the particular load desired or required to be impressed upon actuator 24, the 
pressurized air supplied to actuator 24 may have various values which are 
dependent upon the particular actuation or employment of the air pressure 
regulators 30 and 42, as well as amplifier 40. For example, if loads within 
the range of 0-2500 lbs are required or desired to be impressed upon actuator 
24, valve 38 may remain closed whereby the amplifier circuit is by-passed 
and regulator 30 is suitably adjusted, while if loads in excess of 2500 lbs are 
required or desired to be impressed upon actuator 24 , valve 38 is (Opened , 
pressure regulator 42, as well as regulator 30, is suitably adjusted, and 
the pressurized air , as also amplified by means of amplifier 40 , is supplied to 
actuator 24. 



An accumultor 44, for storing highly pressurized air, is always in fluidic 
-•onirm .nication with conduit 22 through means of a fluid conduit 46, and in this 
:-na:.iner , the accumulator serves as a means cf reducing or comj^ensating' for- 
■my sliocl.s which may be impressed upon actuator 24 as a result of the load, 
differentials experienced by actuator 24 when the position of the same , relative 
to the load, is adjusted. In addition, the accumulator also serves as an auxiliary 
.source of high pressure fluid to be conducted to the actuator in the instance 
that a system failure should occur. As shown in the drawing, accumulator con- 
duit 46 is connected to conduit 22 at a position upstream of regulator 22 , how- 
ever, an additional fluid conduit 48 may be provided so as to fluidically connect 
accumulator conduit 46 with conduit 22 at a position downstream of regulator 
30 , and in this manner , if a system failure should occur anywhere upstream of 
the junction between conduits 48 and 22, such as for example, within regulator 
30, conduits 22 and 14, valves 16 and 18, or source 12, the high pressure air 
within accumulator 44 may nevertheless be supplied to actuator 24 whereby 
the operational integrity of the system is preserved. 

It is apparent that suitable means , not shown , are provided for re-supply- 
ing the high pressurized air to accumulator 44, and it is further apparent that 
while not illustrated , accumulator 44 could also be fluidically Connected to con- 
duit 36 , at a suitable location thereof, so as to advantageously provide the 
system with an amplified source of pressurized air in the event of a system 
failure which normally prevents the benefits of the amplifier circuit from being 
realized. 

In order to protect the system, and the various components thereof, 
from excessive pressures , pressure relief valves 50 and 52 are disposed within 
fluid conduits 46 and 22 so as to be respectively operatively associated with 
accumulator 44 and air pressure regulator 30 , and pressure gauges 54 and 56 , 


• 


which may hz similar to gauge 20, may be disposed within conduits 36 and 46, 
respectively . in oi de:’ tc visually indicate the pressure values of the fluid 

flowing within the ref.pecti\ely ncten c(;nd ait; a In addition, a valve 58, which 

■ 

' may be similar to t ah es 16 and 3':’>, is cispost d Vvdtiiin fluid conduit 45 so as 

\ ■ 

to be capable of bl: eding condrut 46 ant', accu-iuiatcr 44 wheji , ior example , 

maintenance upon she latter is desirt^d to be performed , and another valve 60 , 

which is a solenoic-type valve remotely controllable through means of an ON- 
i . 

OFF switch 62, is similarly provided for facilitating dumping of the fluid pressure 
within actuator 24 so as to release the same and the force thereof impressed upon 
load 28. 

The control system 10 also includes suitable alarm apparatus for visually 
and aurally indicating proper or improper operation of the system, and such 
apparatus may , for example , include pressure switches 64 and 66 which are 
fluidically connected to fluid conduit 22 through means of a fluid conduit 68, 
a pressure gauge 69, calibrated in Ibs-force, being incorporated within conduit 
68. As switch 64 is normally open, while switch 66 is normally closed, extreme 
or excessively high or low pressure values may be detected by means of such 
switches which are , in turn , respectively electrically connected to aural alarm 
buzzers 70 and 72, as well as to visual alarm lights 74 and 76, and in this 
manner, the detection of abnormal pressures within conduit 22 may be readily 
aurually and visually indicated . Electrical power may be provided for the 
system by means of a 115 VAC source 78, and suitable ON-OFF switches 80, 
and 82 and 84, which are similar to switch 62, may be provided for controlling 
the electrical power from source 78 to the system, as well as to the alarm 
circuits , respectively . An additional visual indicating light 86 is also 
provided in series with switch 80 for visually indicating the supply of electrical 
power into the system. 







Thus , it may be seen that the control system of the present invention has 
important advantages over the known prior art system in that the system is 
po-rtable an.i riiacily connectable to any source of pressurized air, and is 
quite sin.pli*. ir struc :uie and inexpensive to manufacture and fabricate . Ti e control 
panel , ai r j-rei: su ’e imj'lif er /aiid actuator assemblies may be assembled in a 
single module or the asriemblios may be remotely spaced from each other. Through 
the U5e cf s:.mple regulators and amplifiers, various pressure values and forces 
may be iinpressed upon a load so as to restrain or actuate the same with a high 
concentrated load . It has in fact been experienced that with the employment of an 
actuator cylinder having a five-inch diameter, and wherein the fluid pressure 
was 100 psi , a 9900 pound load was able to be applied , and higher loads are of 
course possible in light of the foregoing. The present invention may thus be used 
in shops , plants , testing labs , or the like , in order to apply loads , stamp parts , 
or in fact , to be used under any conditions where one-way hydraulic cylinders 
are conventionally utilized. 

Obviously, many modifications and variations of the present invention 
are possible in light of the above teachings . For example , the system of the 
present invention can be altered in many ways so as to meet various load require- 
ments , such as for example , the fact that amplifiers can be installed in parallel 
so as to provide for high volume changes , and it should be noted that the 
amplifiers have their own check valves which allow the air to be automatically 

pumped up so as to meet air volume demands . The pressure regulators can 

\ 

also be either higher or lower rated so as to meet higher or lower pressure 
requirements , and it should also be noted in conjunction therewith , that the 
regulators may have internal bleeds so as to bleed off pressure when the out- 
put exceeds the regulator setting. A rotary actuator may also be used if 
constant torque is required . It is to be understood therefore that within the 
scope of the appended claims the present invention may be practiced otherwise 
than as specifically described herein . 
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